Scrapie is a naturally occurring transmissible encephalopathy of sheep and goats. Currently available methods for diagnosis are the presence of characteristic histopathologic changes and detection of an abnormal form of prion protein (PrP res ) in the brains of affected animals. This study documents preclinical and subclinical scrapie in a flock of 16 sheep utilizing histopathology, immunohistochemistry (IHC), western blot, and electron microscopy (for scrapie-associated fibrils) for confirmation of the disease. Prior to necropsy, none of the sheep showed signs of clinical scrapie. Based on the results of histopathology and positive PrP res tests, 3 ewes were found to have subclinical scrapie. An additional ewe, which did not have histopathologic changes in the brain but was positive by IHC and western blot, was considered a preclinical case of scrapie. None of the sheep had amyloid in the brain stem.
Scrapie belongs to a family of diseases collectively known as transmissible spongiform encephalopathies (TSEs) of animals and humans. Scrapie is a naturally occurring disease of sheep and goats. Infection by the causative agent leads to accumulation of an abnormal form of prion protein (PrP res ) in tissues of the central nervous system and other organs of the affected animals. Detection of PrP res in tissues and characteristic histopathologic changes in the brain are the basis for the currently available methods of diagnosis of TSEs. In this study, various diagnostic tests were utilized to confirm preclinical and subclinical disease in a scrapie-infected flock of sheep.
A scrapie-infected flock of 16 Suffolk ϫ Hampshire sheep was obtained from Indiana. The flock consisted of 6 3-yearold females, 5 1-year-old females, 2 1-year-old males, and 3 8-week-old lambs. A case of scrapie in a 3-year-old ewe had been identified 3 months previously. As a result, the owner of the flock decided to submit the flock to the National Animal Disease Center (NADC, Ames, IA) for experimental studies of currently available diagnostic tests.
According to the owner and the referring field veterinarian, none of the sheep in the flock showed clinical signs of scrapie prior to submission of the sheep to the NADC. At the time of presentation to the NADC, no abnormal neurologic signs were seen in any of the sheep. Detailed neurologic and ophthalmoscopic tests of reflexes of individual sheep were not performed.
The sheep were euthanized by intravenous barbiturate, and a detailed necropsy was conducted on each of the carcasses. The brain was cut longitudinally, and one-half of the brain stem and medulla were immersion fixed in 10% neutral buffered formalin for histopathology, immunohistochemistry, and electron microscopy. The latter was for detection of scrapie-associated fibrils (SAF). 1 The remainder of the brain was frozen for immunodetection of PrP res by the western blot method at 2 laboratories (UK and USA). The western immunoblotting method used in the UK was based on the Prionics-Check a method as previously described. 6 Tonsils were also collected at the time of necropsy and were analyzed by western blot. Three areas of the formalin-fixed brain stems (including obex) were processed for routine histology, embedded in paraffin wax, and sectioned at 5 m. The sections were stained by hematoxylin and eosin (HE) and by Congo red for detection of amyloid, and an immunohistochemical (IHC) method was used for detection of PrP res . 5 Significant gross lesions were not seen in any of the carcasses. Microscopic lesions of spongiform encephalopathy were seen in brain stem of 3 adult ewes ( Table 1 ). The lesions were severe and consisted of vacuolation in the neuropil and neuronal perikarya ( Fig. 1 ). They were most severe in the nucleus of the dorsal vagus. There was also a mild increase in the number of glial cells in the affected areas. However, neither neuronal degeneration nor accumulation of amyloid was seen in any of the sections.
Results of western blot, SAF, and IHC on the brain stems concurred with histopathologic findings (Figs. 2, 3 ; Table 1 ). In addition, the IHC technique was able to detect the presence of PrP res in 1 other sheep (No. 3; Table 1 ), and results of this technique agreed with that of western blot findings on the tonsil ( Table 1 ). The area of PrP res staining with IHC in this brain stem was a very small isolated focus that could have easily been missed if the tissue section had been off by a few micrometers in either direction (Fig. 4) . Therefore, Table 1 . Results of histopathology (Hist), immunohistochemistry (IHC), and examination for scrapie-associated fibrils (SAF) in the brain stems and western Blot analysis of the brain stems and tonsils of 16 sheep from a scrapie-infected flock. it is likely that the sample collected for western blot and SAF did not include this area of PrP res accumulation.
Clinical signs of scrapie vary widely in individual animals. In general, the early signs are subtle changes in behavior or temperament followed by obvious progressive neurologic signs, including incordination, trembling, rapid movements of the tongue and lips, and grinding of teeth. In terminal cases, there is often weight loss and debilitation. 2 In the present study, neither the owner of the flock nor the field veterinarian noticed any abnormal neurologic signs in the sheep. Also, 3 other veterinarians at the NADC did not see signs compatible with central nervous system abnormality prior to euthanasia of the sheep. However, the results of the various diagnostic tests carried out on the brain stems (histopathology, IHC, western blot, and SAF) were unanimous and indicated that at least 3 ewes were positive for scrapie and that an additional ewe was also positive by IHC. The IHC result was confirmed by western blot on the tonsil of this sheep (Table 1 ). Based on the presence of characteristic histopathologic findings, the first 3 ewes would be considered subclinical for scrapie, and because the fourth positive ewe did not show microscopic lesions in the brain but was positive for PrP res , it would qualify as a preclinical case of scrapie.
Although accumulation of amyloid in all parts of the brain was found in naturally occurring cases of scrapie in The Netherlands, 7 others have found amyloid infrequently. 3 In the present study, none of the affected animals had amyloid in the brain stem. Experimental studies in mice have shown that the deposition of amyloid in scrapie-infected brains is influenced by the strain of scrapie agent and the genetic background of the mice. 4 These factors may have a similar effect in sheep, accounting for the differences between studies of the natural disease.
Results of the present study may appear to indicate that the IHC technique was a superior diagnostic test because it was used to detect PrP res in 1 additional sheep. However, different pieces of tissue were used for the various diagnostic tests. Therefore, the results obtained are not directly com-parable and should not imply that any particular test is superior or inferior for detecting PrP res in the brain stems of the affected sheep.
